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An Atlas of Selected Multi-Frequency Radio
Bursts From the Twentieth Solar Cycle

William R. Barron
Edward W. Cliver

Donald A. Guidice
Air Force Geophysics Laboratory

IHanscom AFB, MA 01731

Victor L. Badillo, S. J.
Manila Observatory, Philippines

Multi-frequency patrol observations of the radio sun are now well into their

fourth solar cycle. The radiometer systems used to observe solar radio emis-

sions are in their second generation, and shortly the familiar strip chart records

will give way to cathode ray tube displays and magnetic tape recordings. At this

juncture we thought it would be useful to gather in one place a collection of illus-

trations of some of the outstanding multi-frequency solar radio events of solar

cycle 20 as observed by the AFGL Sagamore Hill Radio Observatory and the

Manila Observatory.

This report is not intended as a comprehensive atlas of all solar radio bursts

observed by the two observatories. A majority of the bursts associated with flares

having significant geophysical effects are included. The remainder of the burst

illustrations are mainly ones which it was felt had some interesting characteris-

tic(s) associated either with the temporal variation of the burst flux level or with

the spectral character of the burst. Many of these burst illustrations have been

(Received for publication 1 April 1980)
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reproduced elsewhere, either in Solar-Geophysical Data or in the open literature.

Others have not. The early less polished burst illustrations have been included

here to maintain the historical continuity of the observations.

The information obtained from the analysis of the burst data illustrated here

has been used to assist in the derivation of algorithms predictive of flare-induced

geophysical disturbances. The radio burst profiles have also been correlated with

flare emissions at other wavelengths to provide an improved understanding of the

flare phenomenon. The material in this atlas has been assembled as a contribution

to further advances in the study of solar flares and their interplanetary and terres-

trial effects.

Over the years, the solar ratio program conducted by the Air Force Geophysics

Laboratory (previously AFCRL) has benefited from the efforts of many individuals.

We give blanket acknowledgement to the men and women of the Air Weather Service

who have manned the Sagamore Hill Solar Radio Observatory since its inception.

This atlas would not have been possible without the dedicated effort of Mr. John P.

Castelli, former Chief of the Solar Radio Section of AFGL, and the continuing sup-

port of Dr. Jules Aarons, Chief of the Trans-Ionospheric Propagation Branch of

AFGL. The Sagamore Hill burst illustrations were produced by SMSgt. Art Francis

and TSgt. Dick Rickard.

NOTES ABOUT THE ILLUSTRATIONS

The time flow in most of the illustrations is from right -left, however a few
of the illustrations have time running from left -right, so care should be exer-

cised in reading the illustration time scales.

The amplitude scales in all of the illustrations are linear, except for

28 August 1966, 23 May 1967, and 29 October 1968 (two illustrations), which are

logarithmic.

In some burst illustrations there are two adjacent lines at the same frequency

with different amplitude scale factors, and in a few other cases the line of the

analog trace is broken at a particular flux level and then picked up at a higher flux

level to keep the illustration itself within reasonable dimensional bounds. This

line break has been accomplished to produce as little loss of burst detail as

possible.

Most of the illustrations given here are reconstructions of the original analog

records. If more detail of a record is needed, the reporting observatory will

answer reasonable requests for copies of the original analog records.
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8800 MHz
I DIV=~ 2.96 FLUX UNITS

p ~ ~ ~ 7 UN I I I ITS

1 610 1605 1600

(ALL TIMES U T)

I D. 18 FLU U ITSI I

1610 1605 1600

2695 MHz
I DIV % 0.9 FLUX UNITS IE

HAN 25 UNITS

1610 1605 1600

W45 MHZ
I D0IV.6. FLUX UNITS

- -. - - ~ . -,J 12 6 UNITS

it0s 1600

COMPLEX BURST WITH POST 13URST INCREASE OBSERVED

AT APPROXIMATELY 1602 U.T JUNE 12,1966 AT SAGAMORE

HILL RADIO OBSERVATORY (AFCRL) - HAMILTON. MASS.

(NO FLUX INCREASE OBSERVED ON 606 MHZ)
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4995 MHz

2695 MHz.

I 950 12,45 214

SIMPLE TWO BURST WITH POST BURST INCREASE OBSERVED AT
APPROXIMATELY 1237 U.T JULY 8, 1966 AT SAGAMORE HILL RADIO
OBSERVATORY (AFC RL)-HAMl LTON, MASS.

(SLIGHT FLUX INCREASES OBSERVED ON 1415 AND 606 MHz)
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.166 MHzT 606 Mtjz
M 25.6 UNITS

"A* unTS... I UNT5 1 . I L
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II I II I IIZIII31 1150 128 3ts.i

1415 MHz . as isti S132. I I 
.1

.. .... .... ..... - . Z.. ... 2 UNIT S._ - i -_-__ " ' : _

II 2 , ,2~ o 246-
29 12z

2695 MHz

2695 MHz

949 UNITS

I I

3 
?4. UNITS

12 5 12 10 iI T I m 1 M 0 a2 1 2 6 13 2 4

I i I . I I I I i I i I a ,

TWO SIMPLE 2(f) BURSTS OBSERVED ON 17 JULY, 1966 AT SAGAMORE

HILL RADIO OBSERVATORY (AFCRL) HAMILTON, MASS. (NO FLUX INCIASIE

OIRWO ON 466 OR 800 MHZ .. ALL TINES AOVE ARE U.T.)

22

I



4000_ LUX
004000

I00
0_I000

400- -A40

3000_
03000

I 000_

?0000

200- f _200

4995 MMz

I000_ _|J0

'00_ _0

2695 MHZ
900-

.900

500- 500

lo-141 MHZ. .100
7000-- "_7000

I000- -1000

100100

606 MMZ
11020 n25 530 '535 040 05 M50 1618060 ~0 5 QO 10 W. M,4

COMPLEX RADIO BURST OF THE SOLAR PROTON EVENT
28 AUGUS.1966 SAGAMORE HILL RADIO OBSERVATORY(AFCRL)HAMILTON, MASS,
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3344.9
UNITS

606 MHz

1715 1714 1713

1415 MHz

m~5(u.T) 1714 1713
IMPULSIVE COMPLEX BURST OBSERVED ON 20 SEPTEMBER1966
SAGAMORE HILL RADIO OBSERVATORY (AFCRL) HAMILTON.MASS.

24



2044 2042 2040 2038 2036 2034 2032 (UT)

1415 MHz

4995 MHz

8800 MHz

- UNITS

2044 2042 2040 2038 2036 2034 20132 (UT )

COMPLEX BURST OBSERVED 20 OCTOBER, 1966
AT SAGAMORE HILL RADIO OBSERVATORY (AFCRL) HAMILTONIMASS.
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1508 I 06 1504 1502 1500 (UT.)

800 MHz 
8.
8UNITS

115 M 50 H504 100. 50

2695 Mz 1226



1734 1732 1730 172L 1726 -724 7I2 172 , -

4995 MHz (SIMPLEX 40. UIT

14150MHz (SIMPLEXI)
40.4 UNITS

-r

I I I I ~ +~- 4 ~ I I + -4--- --------

734 1732 1730 1728 172C 1724 1722 1720 (,LT)

RADIO BURST RECORDED AT SAGAMORE HILL RADIO OBSERVATORY (AFCRL)
HAMILTON, MASS. ON 2 NOVEMBER, 1966
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CNAAG

606MHZ RNE425 UNITS
CHANG

NIL-69 UNITS(~ A

2695 MHZ
UNKNOWN

4995 MH z

2462. 5 JNITS

1165610 181j5 400 1755(UT)

COMPLEX BURST OBSERVED 9 DECEMBER,1966
OBSERVED AT SAGAMORE HILL RADIO OBSERVATORY (AFCRL) HAMILTON,MASS.
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Solar Radio Bursts
1967
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6065 MHz 
7. NT

1415 M~z400 UNITS

467 UNITS

2695 MHz

COMPLEX BURST OBSERVED 4 FEBRUARY, 1967
SAGAMORE HILL RADIO OBSERVATORY(AFCRL)HAMILTONMASS

31



I-

w CD -OD

IC%)

U .Jc

05

< j

-ix

U- 0

u-

V) kn

0

cliu- GoC

'322



606 MHz I
1415 MHz T

540

27026

2695 MHzT

4995 MHzI

137

TT

535

.4B Tt.46 ,S44 $4 I t

SIMPLE 2* BURSTS OBSERVED 25 FEB. 1967

AT SAGAMORE HILL RADIO OBSERVATORY (AFCRL) HAMILTON, MASS.
N A'f M4 I . W..I
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606 MHz \~A~.I 5

0

z- z
U.4A Z

U- I-

8800 MHz

1700 165 5 1650 1645 1600(UT)

COMPLEX RADIO BURST OBSERVED 27FEBRUARY,1967
AT SAGAMORE HILL RADIO OBSERVATORY (AFCRL) HAMILTON, MASS.
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606 MHz T
1415 MHzT

90

2695 MI-l 530

9,75

8800 MHz

COMPEX RDIO URSTOBSERVED 4 MARCH, 1967
AT SAGAMORE HILL RADIO OBSERVATORY (AFCRL) HAMILTON, MASS.
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T

24490

606 MHz

-r-

13210

356.0 

V 36.9 T9

4695 MHz

26.5 4814

COMPLEX RADIO BURSTS OBSERVED 28 MARCH, 1967 BETWEEN 1732 AND 1923 UT.

At SAGAMORE HILL RADIO OBSERVATORY (AFCRL) HAMILTON,MASS.
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606 MHzI

230

2695 MHz

4995 MHz 37O

8800 MHz

COMPLEX RADIO BURST OBSERVED ON I APRIL, 1967
AT SAGAMORE HILL RADIO OBSERVATORY- HAMILTON, MA SS.
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400,OQ0

lOO,O00 
373,000

IQOQ2

1,OQ ':h606MHZ
IQQ

I00,QQ

85,100

IQoQQ -

1,000 ,, 1415 MHz

IQQ

5,000 '-- ,400

1,OQQ

2695 MHz

, \\J

1,OQQ 1,600

lO, O* , ' N

8800 MHz

(U.T) 18'30 18'50 1910 1930 19'50 2d0 20'30 2350
GREAT RADIO BURSTOF THE SOLAR PROTON FLARE23 MAY, 1967 SAGAMORE HILL RADIO OBSERVATORY, HAMILTON, MASS.

(*CHART RECONSTRUCTED-FLUX VALUES PLOTTED AT INTERVALS OF ONE MINUTE OR LESS)
(FLUX DENSITY IN UNITS Of Iai H)
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(FLUX DENSITY IN UNITS OF 1O-Wm Hz I
700

606 MHz T-88

4995 MHz i
/

! T
93

1415 MHz

1170

/ 225N
2695 MHz 225 8800MHz

1435 1430 1425 1435 1430 1425 (U.T)

COMPLEX RADIO BURST OBSERVED ON 25 JULY, 1967

AT SAGAMORE HILL RADIO OBSERVATORY (AFCRL)

HAMILTON, MASS.
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8-204

Z o-3- 0-

-

645 8800 MHz

-STD DE -

21 26950M-

0,3
0

1725 1730 1735 1740 !745
UNIVERSAL TIME

CM. RADIO, SOFT X-RAY AND ULTRA VIOLET E8URSTS ASSOCIATED
WITH 28 FLARE ON I AUGUST 1967. A SUDDEN FREQUENCY DEVIATION
EVENT (SF0) WITH MAX. WAS OBSERVED AT 1731 U.T.
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POWER FLUX DENSITY IN UNITS OF 16'WM'Hf-

606 MHz T6
J4995 MHz 

30

1415 MHz

850

2695 MHz 94 8800MHz

11835 1830 183 1830 (U.T)

SIMPLE 2/COMPLEX RADIO BURST OBSERVED 29 AUGUST, 1967
AT SAGAMORE HILL RADIO OBSERVATORY (AFCRL)

HAMILTON, MASS.
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POWER FLUX DENSITY IN UNITS OF 102 2 Wm 2Hf'l

2695 MHz 67

110
4995 MHz

15,400 MHZ T

)305 (U-T) 1300 1255 1250

SIMPLE 2* RADIO BURST OBSERVED ON 1 DECEMBER,1967

AT SAGAMORE HILL RADIO OBSERVATORY
HAMILTON, MASS.

SIMPLE 3 ON 1415 MHz
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0410 0400 0350 0340 0330 0320 0310 0300 0250 02'40

71

8800 MHz UNITS

I~~~ TSSII

BURST MNENzT INUNTNOITSwm H

441

1415 H z N IT

0410 0400_035_0330_0_____0_0_0240_023



POWER FLUX DENSITY IN UNITS OF 10-22Wm'tHZ-'

2695 MHz7i

1420 (U.T) 1415 1410 1405

SIMPLE 2 RADIO BURST OBSERVED ON 27 DEC.,967
AT SAGAMORE HILL RADIO OBSERVATORY

HAMILTON, MASS.
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Solar Radio Burst
1968
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FREC1NGPAZ LANK-NOT IPIUS

POWER FLUX DENSITY IN UNITS OF 10-22 wm-2 Hzf1

214

1415 MHz -
AA 72

0350 0340 0330
RADIO BURST OBSERVED ON I JANUARY, 1968

MANILA RADIO OBSERVATORY
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POWER FLUX DENSITY IN UNITS OF 10-22 wi 2 Hz- I

8800 MHz 
052

2799
4995 MHz

2695 MHz 1728

1415 M Hz 613

0530 0525 0520
COMPLEX RADIO BURST OBSERVED ON 2 JANUARY, 1968

MANILA RADIO OBSERVATORY
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T
1415 MHz 215

2695 MHz 325

700

4995 MHz0

x

1465 '

0a.

8800 MHz T

15,400 MHz 110

171 5u " 1705 6 5

COMPLEX RADIO BURST OBSERVED II JANUARY, 1968
AT SAGAMORE HILL RADIO OBSERVATORY

HAMILTON, MASS.
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POWER FLUX DENSITY IN UNITS OF 10-22 wm 2 Hz- I

435

8800 MHz

474
4995 MHz

2695 MHz 17'2

1415 MHz -
52

I i i I I I I I I I I I I ! I I i

0510 0505 0500 0455
RADIO BURST OBSERVED ON 30 JANUARY, 1968

MANILA RADIO OBSERVATORY

53



POWER FLUX DENSITY IN UNITS OF 10-22 WM- 2 Hz" 1

T

0550 0545 0540

RADIO BURST OBSERVED ON 2 FEBRUARY, 1968

MANILA RADIO OBSERVATORY
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POWER FLUX DENSITY IN UNITS OF i0F2 2 WM-2 HZ 1

025 080 8z

RADIO BURST OBSERVED ON 5 FEBRUARY, 1968
MANILA RADIO OBSERVATORY
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TU

IIn
-

z

270

4995 MHz c-

8800 MHz 160

15,400 M H z

15 4 5 (u.T.). 1540 1535 15 130
SIMPLE 2 & COMPLEX RADIO BURST OBSERVED ON
14 FEBRUARY, 1968 AT SAGAMORE HILL RADIO

OBSERVATORY (AFCRL) HAMILTON, MASS.
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POWER FLUX DENSITY IN UNITS OF 10-22 WM 2 Hz 1

T
8800 MHz

232

4995 MHz

0330 0255 0250

RADIO BURST OBSERVED ON 17 FEBRUARY, 1968
MANILA RADIO OBSERVATORY
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POWER FLUX DENSITY IN UNITS OF 10-22WM-2 Hz-

4995 MHz 161

2695 MHz 7
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4.1

6.6
1415 MHz

4995MHZ{
93

1515 (U.T.) 1510 1505 1500
SIMPLE 3 AND COMPLEX RADIO BURST OBSERVED ON
25 MARCH, 1968 AT SAGAMORE HILL RADIO OBSERVATORY

HAMILTON, MASS.
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1415 MHz 6.7

2695 MHz 29.5

T
4995 MHz V

T
155

8800 MHz

15400 MHz L

2050 (U.T.) 2045 2040

COMPLEX RADIO BURST OBSERVED
3 APRIL, 1968 AT SAGAMORE HILL

RADIO OBSERVATORY, HAM ILTON,MASS.
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Ta

606 MHz 48.8

1415 MHz 2Z.9

73
2695 MHz

0

JL200 z

310 U')I

z

8800 MHzx
D~

345 
C

15,400 MHz _

(u-T) 1300 1255 1250
SIMPLE 2 RADIO BURST OBSERVED 24 MAY, 1968

SAGAMORE HILL RADIO OBSERVATORY
HAMILTON, MASS.
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T
606MHz 33.8

7

310J

0

- 1415 MHzZ II
265 u

4995 ~z T

8800 MHz T

30

0 945 (5Y) 0940' 03 03
COMPLEX RADIO BURST OBSERVED 11 JUNE,1968
AT SAGAMORE HILL OBSERVATORX HAMILTON, MASS.

(BURST OCCURRED AT SUNRISE)



335 1415 MHzT i
940 Z6E5 MHz

3500

I

Z700

4995 MHz/,'I vl

I NEST MAX2

W 9000 .3 L

0 00

86OMH 6900 Zi38800 M HL ofU.

I ' I ' I '- 'i/'

0954 (U. T.) 0947 0941
COMPLEX RADIO BURST OBSERVED ON 6 JULY 1968

AT MANILA OBSERVATORY, R.P.
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3920

606 MHz

714

,~1415 MHz75 L

LU

2890 LU
4995 MHz 0

-J

8800 MHz 5100 ;

1540MHz* 5 200

(UT) 1800 0355 17S0 W75 I740 17N35 7I 17N 5 17h i20 1715 IyIi 1/05 1700

COMPLEX RADIO BURST OBSERVED 8 JULY, 1968 AT
SAGAMORE HILL RADIO OBSERVATORY, HAMILTON, MASS.
(-15,400 MHZ RECORD TAKEN FROM LOW GAIN CHANNEL - ALL OTHER FREQUENCIES FROM MEDIUM GAIN)
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606 MHz 6

1415 MHz

2 0

2695 MHz
0

4995 MHz
D-

(UT) 1833 1130 1621 (120(S~( Wb

COMPEX RDIO URS OBSRVEDON JUL, 198 A

SAGMOR HIL RDIOOBERVTOR, HMILONAS



1415 HZ '*- 9

0

x

IL

0330 (U.T.) 0320

SIMPLE 2 AND COMPLEX RADIO BURST OBSERVED ON
5 AUGUST 1968 AT MANILA OBSERVATORY, R. P.

67



1415 MHz -6
T

2695 MHZ 1 430 'A

I -

15200

4995 Mtiz

17 00
8800 MHZ Ia

2380 -0

15,400 MHZ J I C

(U.T) 1630 1625 1820 1815 1810 1805 1800

SIMPLE 2 RADIO BURST OBSERVED 8 AUGUST, 1968
SAGAMORE HILL RADIO OBSERVATORY

HAMILTON, MASS.



4995 MHz 250

606 MHz

10 8800MHZ

2695 MHz 15,400M)Hz

t'U.T.).. 0.... . .W 3 3 W30 14 0 W3 . . . . 13COMPLEX RADIO BURST OBSERVED ON 21 AUGUST, 1968 ATSAGAMORE HILL RADIO OBSERVA1OR'i HAMILTON, MASS.
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1415 M H z .

353 C4

2695 MHZ U.To

99 z
4995 MHZ

x

I 0
0045 000 0035 0030 002

COPLEX RADIO BURST OBSERVED ON26 SEP 68 AT MANILA OBSERVATORY, R.P.
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30 MHz \w1.9,DB

(RIOMETER)

4995 MHz 21905

0 -

2695 Mz 2810 0

8800 MHz219

0

0

15400 MHz 15
. . .. . . . . , , p . p .. . . . .

645 8640 1635 1630 1625 1620 1615 1610 'U T)

COMPLEX F RADIO BURST- 29 SEPTEMBER, 1968
AT SAGAMOR.E HILL RADIO OBSERVATORY

HAMILTON, MASS.
(DEKAMETE R TYPE I[ & I BURSTS OBSERVED 1617-1644)
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606 140

1415 14125

0

1860

Z 4995

Lu

80

8800D
U-

1400
15,4000

1255 1250 1245 iO 1235 1230(UT.)

COMPLEX AND SIMPLE 2 RADIO BURST
OBSERVED ON 27 OCTOBER,1968

SAGAMORE HILL RADIO OBSERVATORY
HAMILTON, MASS.
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- 260,000

100,000- I

P- 10,000 -
II

.. 1000-60
0

0
100-

-81,000

I

Z 10,000-

K z

Z 1000- a
Lu 1415 Lu

LL 100-
w -6040

o 1000-s

100- 2695

10-
'50 15 ;55 610 1630 1650 1710 (L T

GREAT BURST OBSERVED ON 29 OCTOBER, 1968
AT SAGAMORE HILL RADIO OBSERVATORY

HAMILTON, MASS.
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1000- -1040

rJ100- 49

LL- 1000-

0I -67

z
2) 100-
-7 8800

z
() 10- Lu

Z D)

X u-

u- 100-

ui 15,400

o 10-

1510 1530 1550 1610 1630 1650 ' 1710 (U T)

GREAT BURST OBSERVED ON 29 OCTOBER, 1968
AT SAGAMORE HILL RADIO OBSERVATORY

HAMILTON, MASS.
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